SUMMARY The administration of prednisolone did not affect absorption of vitamin B12 and gastric secretion of intrinsic factor in nine subjects with normal gastric mucosa, or Recent studies have shown that the enhancement of absorption of vitamin B12 occurring with administration of corticosteroids to some patients with pernicious anaemia may correlate with enhanced output of gastric intrinsic factor (Ardeman and Chanarin, 1965; Jeffries, Todd, and Sleisenger, 1966; R0dbro, Dige-Petersen, Schwartz, and Dalgaard, 1967; Wall, Whittingham, Mackay, and Ungar, 1968; Baggett and Welsh, 1970). The specificity of this effect in pernicious anaemia has not, however, been established. We have therefore examined the effect of corticosteroids on the absorption of vitamin B12 and secretion of intrinsic factor in subjects with normal gastric mucosa and chronic superficial gastritis as well as in those with advanced atrophic gastritis and permicious anaemia.
during prednisolone administration for periods of two to 10 months. No consistent changes in gastric mucosal morphology were noted. An additional five patients were studied intensively during one month of prednisolone administration. In three, absorption of vitamin B12 was restored to within the normal range between eight and 13 days after the commencement of the drug. The improvement was not paralleled by enhancement of secretion of intrinsic factor or other vitamin B12 binders. Suppression of intrinsic factor antibodies in serum and gastric juice did not occur consistently in those patients showing a functional response.
Recent studies have shown that the enhancement of absorption of vitamin B12 occurring with administration of corticosteroids to some patients with pernicious anaemia may correlate with enhanced output of gastric intrinsic factor (Ardeman and Chanarin, 1965; Jeffries, Todd, and Sleisenger, 1966; R0dbro, Dige-Petersen, Schwartz, and Dalgaard, 1967; Wall, Whittingham, Mackay, and Ungar, 1968; Baggett and Welsh, 1970) . The specificity of this effect in pernicious anaemia has not, however, been established. We have therefore examined the effect of corticosteroids on the absorption of vitamin B12 and secretion of intrinsic factor in subjects with normal gastric mucosa and chronic superficial gastritis as well as in those with advanced atrophic gastritis and permicious anaemia.
It has been suggested (Fisher, Mackay, Taylor, and Ungar, 1967 ) that intrinsic factor antibodies present in the gastrointestinal tract may contribute to the vitamin B12 malabsorption of pernicious anaemia. We have examined the possibility that the response to corticosteroids in patients with pernicious anaemia ' Requests for reprints should be addressed to Dr K. B. Taylor, Division of Gastroenterology, Stanford University School of Medicine, Stanford, California 94305. Received for publication 7 November 1972. may be due to suppression of such intrinsic factor antibodies in serum or gastric juice or both.
An inconsistent but at times striking reappearance of parietal cells in the gastric mucosa has been described during corticosteroid administration (Ardeman and Chanarin, 1965; Jeffries et al, 1966; R0dbro et al, 1967; Wall et al, 1968) . In the present study gastric biopsies were taken before, during, and after steroid administration in order to determine whether improvements in function are accompanied by improvement in mucosal structure.
Patients and Methods
The patients studied were divided into three groups.
GROUP 1
Nine male subjects without gastrointestinal or other disease, in whom gastric mucosal structure was normal.
GROUP 2
Five otherwise healthy male subjects in whom peroral biopsy of the stomach revealed the changes of chronic superficial gastritis without atrophy. Circulating gastric autoantibodies were not present in these subjects. 13 GROUP 3 Twelve patients (six females) with Addisonian pernicious anaemia.
Groups 1 and 2 were given prednisolone 20 mg/day orally for one month. Seven patients in group 3 received an average dose of 20 mg prednisolone orally per day for periods of two to 10 months. The other five (four females) received 20 mg prednisolone orally per day for one month.
Vitamin B12 absorption was estimated by the Schilling test. An oral dose of 57Co vitamin B12, 0 5 jig, was used and the 24-hour urinary excretion of radioactivity measured (lower limit of the normal range is 10 % of the administered dose). Gastric juice was collected by intermittent hand suction for 60 minutes in the basal state and for 75 minutes following intramuscular injection of histalog in a dose of 1.7 mg/kg body weight. Gastric acidity was determined by electrometric titration with 0. 1 N NaOH to pH 7.4. In all subjects intrinsic factor and intrinsic factor antibody determinations were made in gastric juice collected for 75 minutes following the injection of histalog (1.7 mg/kg body weight) using the technique of continuous intragastric instillation of 0.07 M phosphate buffer as previously described (Strickland, Ashworth, Koo, and Taylor, 1969) .
Intrinsic factor B12-binding and non-specific B12-binding were measured by immunoassay (Gottlieb, Lau, Wasserman, and Herbert, 1965) , the results being expressed in ng per mg total gastric juice protein. The latter was measured by the method of Lowry, Rosebrough, Farr, and Randall (1951) .
Circulating parietal cell antibody was detected by immunofluorescence and complement fixation (Donnelly, 1951) . IF antibodies of the 'blocking' and 'binding' types (types I and II) were detected in serum and gastric juice by the guinea pig mucosal homogenate assay (Ashworth, England, Fisher, and Taylor, 1967; Strickland, Baur, Ashworth, and Taylor, 1971) .
Gastric biopsy specimens were obtained using a multipurpose peroral biopsy tube (Brandborg, Rubin, and Quinton, 1969 (Strickland, Fisher, and Taylor, 1969) .
Absorption of vitamin B12 (Table II) In four of the seven patients taking prednisolone for two to 10 months absorption of vitamin B12 was temporarily restored to within, or close to, the normal range (lower limit of normal in our laboratory 10%). This improvement disappeared following withdrawal of prednisolone, although in one subject absorption remained in the normal range for two months following discontinuation of the drug.
Secretion of vitamin B12 binders
A serial study of gastric vitamin B12 binders was made in five patients, two of whom had shown increase of vitamin B12 absorption to within the normal range, three of whom had not. In the former, the concentration of intrinsic factor B12-binder rose from 0.6 to 6A4 (patient JP, Table II ) and 5.0 to 9.5 ng per mg (patient AD, Table II result in this patient during steroid administration was 7 %. Achlorhydria returned after withdrawal of the drug.
Circulating gastric antibodies Serum PCA was present in six out of seven patients and persisted throughout the period of steroid administration. In two patients only did the complement-fixation titre fall from A to i (patient AD, Table II ) and from i to i (patient GM, Table II) . Such falls did not correlate with recovery of gastric function.
In only one patient were serum intrinsic factor antibodies present initially and the titre did not change throughout the experiment.
Gastric juice intrinsic factor antibodies Gastric juice was tested for intrinsic factor antibodies before steroid administration in four of the patients. Type I antibody was present in two and type II antibody was also present in one of these patients. Both antibodies persisted in this patient's gastric juice in spite of apparent improvement in B12 absorption (Schilling test, 1.0 % before; 20 % during treatment: patient AD, Table II ). Type I intrinsic factor antibody disappeared from the gastric juice during prednisolone administration in the other patient who showed no clear response in the Schilling test (patient EC, Table II ). Intrinsic factor antibodies appeared in the gastric juice of a further patient during prednisolone administration not having been detectable initially (patient GM, Table II ).
Gastric histology
The seven patients were biopsied on 40 occasions and 101 specimens were obtained. Despite radiological positioning of the biopsy tube in the body of the stomach the mucosa was antral in type on 11 occasions and these specimens were therefore not utilized. No changes were observed in degree of mucosal atrophy or inflammation of the body of the stomach in any patient. Estimates of parietal cell counts are summarized in Table II . It should be stressed, however, that there was some variability in the number of parietal cells from one section to another in the serial biopsies and from one area of the stomach to another where multiple biopsies were taken. Parietal cells were present in biopsies taken from the body before commencement of corticosteroid administration in one patient and were not seen in biopsies taken before or shortly after commencement of the drug in the remainder. During administration of the drug some parietal cells were present in four of the seven patients in one or more biopsies. The numbers of these cells were small and no consistent trend was apparent during administration of prednisolone. No correlation between improvement of vitamin B12 absorption and the presence of parietal cells was noted.
GROUP 3: SHORT-TERM STEROID ADMINISTRATION Absorption of vitamin B12 In three of the five patients vitamin B12 absorption was restored to the normal range (11 %, 11 %, and 10% respectively). Significant increases in absorption in these three patients appeared at eight, 11, and 13 days after commencing prednisolone (see Fig.) . The maximal responses in vitamin B12 absorption achieved by the remaining two patients were 6 and 3 % respectively.
Secretion of vitamin B12 binders A definite increase in secretion of intrinsic factor was observed in only one patient (patient EK, see Fig.) . Thus, despite frequent estimations during prednisolone administration, enhanced output could not be correlated with restoration of vitamin B12 absorption to normal in these patients. The total B12 binding level in gastric juice, most of which was due to nonintrinsic factor B12 binders, was extremely variable in all patients and no consistent trend was observed during prednisolone administration (Fig.) .
Acid secretion
Thirty tests were performed in the five patients during corticosteroid administration and gastric anacidity (pH above 6.5) persisted in all.
Gastric antibodies Circulating parietal cell antibody was present in all five patients before prednisolone administration. A decrease in titre of this antibody estimated by complement fixation occurred in two patients (from k to t) during prednisolone administration. One of these patients (DM, see Fig.) showed a functional response to prednisolone; the other did not.
Serum and gastric juice intrinsicfactor antibodies
Pretreatment Type I or II intrinsic factor antibody was detected in the serum of two of the three patients in whom vitamin B12 absorption was restored to normal during prednisolone administration (patients EK, EP, see Fig.) . These antibodies were absent from the serum in the two patients in whom vitamin B12 absorption was not significantly enhanced during corticosteroid administration and in one in whom restoration of absorption did occur (patient DM, see Fig.) . Type I or II intrinsic factor antibodies were detected in the gastric juice of all three patients in whom vitamin B12 absorption was restored and not in the unresponsive subjects.
During prednisolone administration
The titres of both type I and type II intrinsic factor antibodies in serum and gastric juice showed considerable variation. No consistent trend emerged. Although negative tests were obtained during prednisolone administration, these were not sustained and could not be correlated with either the restoration or continued normality of vitamin B12 absorption. In two of the patients in whom the test for type II antibody in gastric juice had been negative initially, transiently positive results were observed during prednisolone administration (patients EK, DM, see Fig.) Gastric histology Gastric biopsies were obtained before and at the completion of the study period in the three patients who showed a functional response to prednisolone. The degree of atrophy and inflammation remained unaltered and no increase in specialized cells was observed in any of those patients.
Discussion
The reversal of vitamin B12 malabsorption seen in seven of the 12 patients in the present study is in agreement with the observation that approximately 50 % of patients with pernicious anaemia show such an effect during oral corticosteroid administration. (0stergaard Kristensen and Friis, 1960; Ardeman and Chanarin, 1965; Jeifries et al, 1966; R0dbro et al, 1967; Wall et al, 1968; Baggett and Welsh, 1970) .
The mechanism of this effect has not been clearly established. In theory it might be mediated in a number of ways, operating singly or in unison. (1) Increased gastric secretion of intrinsic factor as a direct response of the mucosa to corticosteroids: increased stimulation of any parietal cells still present in a damaged mucosa might occur, or regeneration of new parietal cells be responsible, or both; (2) increased intrinsic factor-mediated absorption of vitamin B12 in the small intestine; (3) increased non-intrinsic factor-mediated absorption of the vitamin; (4) an indirect effect, mediated through immunological changes, so that there was a reduction in inhibition of gastric intrinsic factor secretion by intrinsic factor antibodies, or of its activity by intrinsic factor antibodies in the gastrointestinal lumen or at the ileal receptor sites.
There is evidence that corticosteroids will increase acid secretion by the parietal cells of the healthy gastric mucosa , which also are known to secrete intrinsic factor. In the present study there was no increase in absorption of vitamin B12 or of gastric secretion of vitamin B12 binders in healthy subjects without gastric mucosal disease or in subjects with a superficial gastritis unaccompanied by circulating gastric autoantibodies. These data suggest that corticosteroids exert an effect only when the gastric mucosa is markedly diseased and the production of intrinsic factor and absorption of vitamin B12 severely impaired. They do not support the possibility of a direct effect on the small intestine. However, in the presence of an excess of intrinsic factor, a situation that obtains in health (Ardeman, Chanarin, and Doyle, 1964) , any effect on nonintrinsic factor-mediated absorption might not be demonstrable.
The improvement of vitamin B12 absorption in patients with pernicious anaemia is generally attributed to an increase in intrinsic factor secretion during corticosteroid administration. The correlation is not, however, exact, and exceptions have occurred in four of the five previous studies (Ardeman and Chanarin, 1965; Jeffries et al, 1966; Wall et al, 1968; Baggett and Welsh, 1970) in which measurements of the intrinsic factor content of gastric juice by assay in vitro have been obtained before and during corticosteroid administration. An increase in intrinsic factor secretion was observed in our patients undergoing long-term administration of prednisolone. However, the present study of events occurring at the gastric level early in the course of prednisolone administration clearly indicates that reversal of vitamin B12 malabsorption can occur independently of enhanced intrinsic factor secretion.
The possibility that intrinsic factor antibodies in pernicious anaemia might interfere either with production of intrinsic factor or its activity led us to examine whether corticosteroids exert any suppressive effect on these autoantibodies in serum or gastric juice and so account for the enhancement of vitamin B12 absorption. Reduction in the titre of circulating intrinsic factor antibody during corticosteroid administration has been observed but there has been no correlation with the observed functional improvement (Ardeman and Chanarin, 1965; Jeffries et al, 1966; R0dbro et al, 1967; Wall et al, 1968; Taylor, 1959; Baggett and Welsh, 1970) .
The findings of the present study are in agreement with these previous observations. The frequent observations on circulating intrinsic factor antibodies during short-term prednisolone administration revealed variations in titres with no consistent trend and no relationship in time to the functional changes. It is possible that the observations represent natural variation of antibody titre, entirely independent of prednisolone. If suppression of intrinsic factor antibody was important in the restoration of vitamin B12 absorption to normal during corticosteroid administration, events at the gastric level would be more likely to reveal significant alterations than those in the serum. In the present study the effect of prednisolone on intrinsic factor antibodies in gastric juice has been investigated and a pattern similar to that seen in the serum was observed. Variation in titre, independent of the functional changes and with no consistent trend, was again noted. These findings both in serum and gastric juice indicate that the restoration of vitamin B12 absorption to normal cannot be attributed to suppression of intrinsic factor antibody at either site, a recent conclusion also of Baggett and Welsh (1970) .
The histological changes in the gastric mucosa observed in our patients with pernicious anaemia during corticosteroid administration are at variance with previous studies. We have not been able to document a consistent reappearance of parietal cells in individual patients and a correlation between the presence of parietal cells and a functional response was not evident.
There is a general agreement that neither the basic appearances of atrophy with intestinal metaplasia, nor the degree of inflammatory cellular infiltration, change during corticosteroid administration. However a return of small numbers of parietal cells has been reported to occur and'occasionally patients will secrete small quantities of acid (Ardeman and Chanarin, 1965; Jeffries et al, 1966; R0dbro et al, 1967; Wall et al, 1968; Baggett and Welsh, 1970) . Acid secretion was not observed in any of our patients studied intensively over a month but did appear in one patient after five months of prednisolone. The correlation between apparent return of parietal cells to the gastric mucosa and corresponding functional improvement has been inexact. The study of R0dbro et al (1967) showed a striking lack of correlation. In six patients who showed a functional response to prednisolone, four showed apparent parietal cell regeneration. However, a similar histological response was recorded in four of 11 patients who showed no functional improvement. The gastric atrophy of pernicious anaemia is not invariably complete and small foci of surviving specialized glandular cells have been noted in up to one third of patients (Williams, Coghill, and Edwards, 1958) . Accordingly parietal cells may be seen in biopsies taken before corticosteroid administration in some patients. In the study of Baggett and Welsh (1970) parietal cells were present in gastric biopsies from nine of 11 patients before prednisolone. In only two of nine patients biopsied during corticosteroid administration could they show that the parietal cell population had increased and in neither of these patients was a functional response demonstrated.
It is evident, therefore, that the assessment of minor histological changes during corticosteroid administration in the small specimens obtained by tube biopsy may be very difficult to interpret. An additional problem evident from our own study is that, despite positioning the biopsy tube under fluoroscopy in the body of the stomach, specimens of gastric mucosa obtained from this site in pernicious anaemia are antral in type, due perhaps to metaplastic change. We contend that such specimens should not be used to study the influence of corticosteroids on the parietal cell-bearing area of the gastric mucosa.
We conclude from the present study that the undoubted reversal of vitamin B12 malabsorption in some patients with pernicious anaemia taking oral corticosteroids cannot be wholly explained by a direct effect on gastric parietal cells. An additional effect at the small intestinal level is suggested by the poor correlation with events observed in the stomach. The possibility must be entertained that corticosteroids may influence non-intrinsic factormediated absorption of B12 in the small intestine. 
